“Calhoun 


Institutional Archive of the Naval Postgraduate School 





Calhoun: The NPS Institutional Archive 
DSpace Repository 


Theses and Dissertations 1. Thesis and Dissertation Collection, all items 


1986-03 


An analytical high value target acquisition model 


Becker, Kevin J. 


http://ndl.handle.net/10945/21667 


This publication is a work of the U.S. Government as defined in Title 17, United 
States Code, Section 101. Copyright protection is not available for this work in the 
United States. 


Downloaded from NPS Archive: Calhoun 


: Calhoun is the Naval Postgraduate School's public access digital repository for 
/ (8 D U DLEY research materials and institutional publications created by the NPS community. 
«ist : Calhoun is named for Professor of Mathematics Guy K. Calhoun, NPS's first 


NY KNOX appointed — and published — scholarly author. 


LIBRARY Dudley Knox Library / Naval Postgraduate School 
411 Dyer Road / 1 University Circle 
Monterey, California USA 93943 





http://www.nps.edu/library 








aS Tee. hye ahs 
gi ohofe.t' mapped’ aye eS ee 
Fae tg econ antl eee ataesane stat 
trefome rae OE am “ eosahne ie tit aah eee D ieeet ce 
ve Gin aR el nO oe oe COR” ae ANGAeR are Pres . Rafe tees ape C87 f —— 2 
re cee meaeaeg eer aes a Oh ee ee 
ma cages renee oe takcdae A ened AK Ros SAR SEEN STS CE reat Gir oer Bite he Fe ae” Ss a 
eae ee pr eat Ee retiree Spurr eter re nha Rare eOee *? eh Fe RIF PNA teglhyt ON ESTE eet * 
ai Ne pp ant tn cat nena ett a arace oat qe rhrnt WMS Nate, ay we er ay thr a om aad a PAS Tibet HONS ee 
een Career rat iea trette ae crac ne sans cana an ae eka att PUT TERT ne fare Seth we Ose SO 
oh Sera comme Se aa ee amg FA Eo a my _s | She ports Te hbo y 4 . Oo ~~ -. A oe 
nrcanon SS SE ee ee tenet ee ee eee mpage ened 2 aF Fob af ADIT 4 oO spent At aries oj Pn Be PO we Aae VS WS IPP AE OPS Se Aagme’ 
aS a eee en aoe ee etahane grt i ety Oe A ogee Wee Fd (Fer (eed beled =o pre! 3S iy ae wf caf Pi tt Se aig Lp ae Wee ke 
Ga peer seneree reba bashed tek ete tras ameqrere Pe aad wg caus ohne hot PHC A ee we we SOC * aces at A 4 POOP Var TS pete eid “~~ CE Ora 4 Pt hed FIT ane 4k oe Na ¢ vy. ae ae oar 
nears eet peo ce anera oases ae nad gs AEN OLE OS one? PI, sarees & ge nny Fe of Bott vv Fa are yet Pe tet ask op fis ge ue es eS roy PAU OP, oe a SE 
ge re asa.dee pepsi Ts Eo ah as Ants UIE ANS, perry 7 oe apt teat tt A eae Petes natnp oPeFAPrrt cm cette APMED tag eel © ae at ated # iy he” rps Wee pf Pw. ae agree ‘ed ES "if PN . wate ame ert ee UE ee ee ep gne eh 
nia ont Sis cana sata ameotaee er penne OMT IL awit PT ns ad DS EY ee St y tf wy hell agree yey FR Af: eR eS: os Ree a3 Pe ee pla ee re a he eest MOE ut PQs este SS ee ca» Bid 
cane Sa P I ong soe ae Seiteecinee aanaas oer natn Aserenont sy oO PoP NI Andie eat sey =e aie y fee. re Ge, 78 | Rebaige edi Ce 3 Sy “we Pe Te ve ae ahe”: a Se ¢ a a Me ary we fle SO WR eRTAS ht BY we ny aah ayy WLAN ae 
oy pee rer eT pare af sac tim a iemeti ayn nna one Cf ree al" Me eneetattnm 22 ne FATS ahh ite As. ep eee re 4 eines Sow 5 a ee pepe +e gan se en toe ee: te rege © SF ee ek agnor eT abd we oor Suede yay Ue ee 
eae eee Tere ee Srenanreny ergeir nbn ee mie Sy ssa naan ee ake Sha vice ay te Sear SN ae etter es ered CS Oa eat a Be iste ne ea ETN irk JXehanear areata nates a eu scon mean ee a 
z p are - : fo! e! ym Engr S Y € "4 . i“ s he ¢ ale ¢ wet ’ 7. pe ar 1 ce et 
Ean eae reer seman set a ht cece ae hatte Petr nhe! ae et SSS: Se re gre af os peti oS whe j aa - 5a ig Sow hoey OEE ALS sya IO eect) : Ae 9 at) FRAPS ULE are eer ttan Py ae ‘ Chbrareg eee unert eres mestare 
det ‘ . pala Batt ng ara fend eC og Wt maw ate bast ayy FACE Oo" ABEIE Pf i) ee a prt Raheem” wt 5 at yg la” WAN ba Agape's- i Me VE Pee Fe ngeagnat” ae PEK Oe per te =e rs a 4 Lt 4 PAs! ar y wense 
Se ener AE instahaeg a anecngnistn eacae sinpte re apne ata APS" r ee Pre Sg ip be Tae 2 a pete ef ‘ FO a re Af : ‘2 7 Memos NPE, pate 2 a ene unererach Cast Rets bv Sta Aad mores: Oe FORE 
i chete i ea batahaees asanrgera tee cone roe, Pe ta age MPG ffir OF Ie fh vi A. ate SEE a Nee BQ reg ghey fers oY FRAY et Ty ENS th Ta Aants ees tees 83 uments SS lave re complet 
nace a cenm OL piacere cont anne ov rentin Gd Poe Mpamntnr al «FP OE sae al ' “ siereh Ayes hee etary: Oe Fe ial: Peueran et at ee pa SP Rarer : eA Re CFE, Sh deg les tab “ eae ‘e see Arnett eee se hat DARe Ay APACS 
- in acy mst a crater or oda t aaah Ae nh art. eh? free ang Terre ee eee ends OF SOAP Me % B ale oe a” © i ie -e [ee et lyf * Oe ee en jg Ra tas sh A te Pa oR NEE a od A Mn PS r 
Deas g tt emnans ee tec rae aitacatimnays saat Stir an tain eps te ecntrer Ente Ch pO aot, ay ne a SR ghee eT eT Ee tae SNE ee tC een San ewe yee earn ace Saensueag acs Scere pereeemete 
rape onto ts te a gente panto eee cart 5 ner Oe ms see erect a ong ee Spe wn ae ho noes NA ttre OO ee et o ae fee? Pe = ee ce eR pk NS ae er Meant BONE! 9 OSTEO Me aragAs hima ge WRENS uN ne ba cole a te ae 
4 fh ra hemer fare ae A dean aoe PT a Ll oy i oe ded bs bape s fot © w 2 ware oy SMe feo? Pt rapes he ee ae te NO ap Upc Ree 1 ONE ghd DAI WORH = irk, Weeahe ue te i 
Saree ae prerree arprrr cot dah eh had" fee € et AR of orem F Ou yee Lee ee oe Pe 6 PED SUE ghar Saar e™ Dey A rar: 2 pe RSet URES eT PO trad aed papre ar gm OD meres ers ALN, BASS See aes oe eS! 
Per Pe ad aa Bnen PO OST MOM” Os me et ah P AEN A PT. Aad af nts of pastes Fo 0 ehaee eh BP" ow oF Y ’ wee ae re v Pe oan Pte ad praretate gerne Aal 5 a a 
ee oot) te gast a sisi wipes ma ee ngieleg t of owt Sas set peer Penns Sec hese ore Res ce Sane tel eaten Aone vet titee pr ure he were te ae © Ay overs x > wry a a 1h <* reer es Pa Reena t nse Se ep eR slkgert Stamnctetcant one *e See Seen RP ar 
see atanty aneneetner’s OT Traian pa ew ee ep nape pay ee aT Man peasiot SD = 2A ATG G say ry. TP a ys 4 Pervtnr ' oar ae a Spa of tanty ae ‘ pA Ty any oe moenh grates 1978 -0he Renin 32S eer ar ards te UMAR A.B. HP T™ Se Glee eh mtd Notes Somes 
SE eo ae eae ane ein} -4 Lit wwe’ Rdroere ae (i a ts 9 te ee Aad etn dah poi epee Pip ee mek oot! ba s, =n ha w ¥% ja en 4 eet tot wu ed tpn ee eae pi thas tata Peer rk 3 io pene meee 
Seg ciate om erate scant Cpe Oe a ee lar par pe etic pee Sa Lad jap eee Ro IE ak Pet ATS “Kaw ons ON Pa PR EGS Be monomer eX Me ae ae oo SR FT eP EO YT I. tea em Sth SoM AR RAs Rees: inediennnnnent cease recat 
nF scart ch OE an Letter ee MAN Sie L cbr ae Paar tN Sieayagd on cus OP ONE! ont anges mater PAA iw as arn ee WN ae ee we ae eee Lay Sone SR eae tp re nih ASN are + Ht OS TAT EE BARRIS ATS ra nama nmemng anette te ber hehe tat rare pete tt 
ne adel mecoeh nO) Ene apn eer) Serie nbabiad Pra 10 arate Tape = Kectae A Ae Rica tay OST. Sacastgr? ANS reagan ; Cre ee: xx a Pred ae nae het a Ot a H-45-4r-4 en em Meroe ANS APS pasdyre- 0%0R P84 Pree Cn We MALS Utes MEME TIO s 3 
even eS Teen ot Mahler a eee sean earns ee er satis Pee cers Set ea pt creen ees fs J Led Plies pe een ye ( yf pyr eran PT IK eouers po CEN Pe’ rect 2 re - pax er Cy = ee Are btn re Umit Negras DMR ER shagueteneentanage meneame 
wpa anc ene PE oe Be waraynnt? moe eee eased eget nM i arara <P 0 aes et Re ceabetind Ce remy? af CO ee eres AILS eer fet OI an taadet are rw we PP PIS UE pap tae ON ge dr arte Pr aes eee OD Sth ett a es Sock tna toes vores tare arnt Mansons a ree ee LTT ye Denys eet AIDE 
ot nents hase ao Pa peg eer ON, capt th et 4, gob Fere< ate - * pnd ee et Sp ete tw eS ers npr PO te ON See) As 7 ea Serene See wuiy” © Sr Se hr? + OSS ae x ee a4 i Aoi a tg ta? # A Oe Me a NS' ee canary NeAataite Let SA pew ren ats 20 ty pees ys Aah pean. ae Sree 
Ser ge saad Sea atin a as er abd fee OF TL ery os ma yratel BRAUN? wees were sre Ae ere + x Fur ae x Y beh haai ~e aa dh eur WVuwry Aer he tone AMEE” gta Oe wohg Sphere Yaa ghgitgite ww seer) - Se ae ere ae' ees apaerae 
s Fimerwone ae L rete eee ere ewe pee aed w Ja nt er gers appa = Meh. Ley iisranctbelyiaaletoh pinaenn Cee eng fel ea oe et a - nied sf Sd eo Teoh tee eter. ries oe rs Lo » ee a Pape Pe pare +t a Coe am oe sage tee PS he hteleenann ear “tauan wen a tetaites Settee eeeemienmeee 
arena nee rar ner teet etek aa ner eMnat bee oO oO a er pepart4 oO ean Fa PP ein ett i een io Ree » pant Roane te” wire fe psy p dente ay attghye" oe: ert CMe ayn Ae one PUN 4 < igi phar sty hs ¥ uy vRS Dig Bre PAR oa iit wns or cian ag sap eae ete aE 
A “e . ees nett ion a? nah Fw SIEM er Pe ai Acd po a= BN Germ, gt greet ee fee wees oP eprett FEAR NE SY pe Pa = we n Aegan ‘aha? cigs ee are St s' — " a inet rw v. ae ess nf Ware wn . eg Vi" 2 4 mp be 908 F BNA Be at 2. wails Tame ap hy. tarts SE OF" AAs cor enme pence TNR Seeker 1 cy to enemnn nana hs WAVY CEE, 
9 heii ee ted qenne meres Pamper ain Temceremnntc wee Sere tat connor MT ghar « a9 ny P Oh CME SPOOF Le ddl ghar ® ph tet % pyri Sat ee © ver ve Yr oy n ii Cee al at shame WF w™ iad het Me beet o' es AAMtAPE Me Me VIALE Sesh NN tS 8 ° % pte “ 
ae eae eee nts ane sadnbel ie Se tN EL ear et hei Sot et ts AS pt A as ort oe £ PEAY Re 4 npg Cory eS erry OY aie sii om pag ag Pr. Taare ts We Sees stten Ue Tate Rata te er state elvan Be Ree pacer ty Sy oe NRAN Sion seen . ty EP Ree aeparean ete 
fp tateee onli oh Al 98 se enpnaenerel wt ot pia tenet errant eed eet ete uae eT Lele Nee eNp Ee ot ae 4 wh a fe ¥ pigs Reed © oe PN ee ie vi aa eet ciel Te aati nan wate rte RO OO ae Be aha gates Mo SANE “aot di ety AVIS re Fo FF ign? a.ptn teen BOO RAE ATM aaR’ 
mane a tanp rere ereeD ar irgentil tom quad ots eh : i gitah senna chica neater pene 1 ete Pe Ny ate St ete CT pF wat gat oF PEP FAP eP OPS” nt dpa te eam : ee pe r Soe CA eee Eras eRe Nate dy he ee arash EATEN pokes Sotakt even ah anak gurtreensankerenmasane Foe eae Serenity tare eene es 
Scans antennae Seaegyen ee ee Fate ON ee ae aor a Tg of ang tO SOP Ooh, fey ee eee TA pee SR LP 0 2 POM ELIS wer Tracing ie ee Pie = Ere wes en a ee are Oe Bhar rN OE dal i PLE DO DO HS ants CTO NY Reena: evs AS bs apes es RatJA WARDENS ren een 
: oer nara oni ies Bie oe oe sae oe OS TOI. gaste AP Take cages tag, pean ea aetee Wi ae a >See tiara enna ata teen ES emcee oer ae 
Po a0, . ae 4 , Norma ena aT aa": pe eg eels prepemyy yn “oe ‘ a OM te” oJ ee wy Sgr ont aA 7 ~ . pis athp yh poy Fp ee BOREL whe - eco 
sre Oo ae hI ALON rus Ce reaereat cP er anys there eT TE wall sparamecsyne 6 OT pea et io ae Renae wre FP}, iat Og ait Rr OO PAN Pa ae IRS eee Bee rang AN tte SATE PR Vise at ele oct ae eRe okie cnceateiniene naar Tne AA an 
et eA : - Seem OAS tl tanga ee trae ee plete pamrates © Om prvtasts 5 PSY we i er ee 4 Ce et vs eee e SS te tet ahittet ctor Ae a OTN ET waas be oy ethene t ted rena soem A ier g alae Rance ee 
<n we i pf ott ae? 4 OE Nd ate ee AS A cade ad rape ary rey refi? © rr Ge eS yap ae eee > gre sng gre ae ensue x1» pte ete ‘prahohh® ce Nats vos Sa rere ety een NE ate Fr es vw as Sa ea ce A meas es nectahgeaneaee a 
Fi ent ate penaliears . eeme eect athe eet de Yee eee ee PON SRS Gert cena cael See einen SON # Taek e te ad meh T A a wen aire antares Poach team enone roe 
el ae setae PO at Sp ehed gf 00 aoe eDASAY OT Lk agains yrory el Ot na si, mtg ne Abts CS, to ON } tie bos a pte tad bie Sy ahaha a ees wr en Re eet yo caste teers UTS gates ene teeter raters ® ape ” pai 
See trong ne a A Sacre roca ke oe gaat it tar foe OPER e ete me Koistapatonnpe ern etre ath RWS LEP Re pei winas ous eaten aeeea oe enrtgh igaeerretnns enone 
alae « cae atyrag are! 4 . Asis Se ent a *, > mh gaan SS whee Ce ee ae ew = th he dled ¢ ght see hen gh FPR WO Pye! el 
= eee v4 f y hed ote ooh chef ad rot Pent e ae CaS reer’ py £ vu i te he ; greta se wwe wee AGRE OAR ew Thy ep hatremy ae eec te” yaa UP ere aay me exteg "be MeCN nue Sapeers seu es whan 
aI Tt tO ee pa peas Se eerny wer aero on eet eee sean erver® Fe aeeteed ytgare Sn att iat ee Pou PE te SF Sas Wee VYVEM Pate ett WU PP ot ed Seapets ’ lp the beapaa-bhe nidtgtetate to tatysutetememnsoee tipo 
a ener ee eal Spin einai a ec CAPE t PO OLE, Pe a oi ; FT et eet ce Aes TS : te as ON abe tt yee one anenee ase ws cog ONAN Oe aren oneness eee tanner ea at 
orempee: Fm, eat ne siya er sSacoyaere ea ee cee ote y ee ome nt Sane” Pe PO Sooo TKS A penne PONG ae SO Ne epee Sia dare ee ere en seta pelea eae arte 
= er caeentigt Pee at ant al Panels Aho LORE Te ctah soe Ayres o 1S" aap pi Pras tee Mans neret Ae SE pdt ni Paces Aah WU BN was era wuree sy As A OMIAETS MO™ Sag asagt vers pins yp hel ets agny MgB BO : me PR On tart derek PO 
a ea oe iad pepe IOS, ike el PITT tg bein sip) pease PS rape ee Gage remehes pene OTT 4 Serer th dw ant et 7am Fe dee ete O oh ee SA he ee veep yA PV PPO ee a pre eats ute’ WS" Pe * mo tata er tet COM PARTS oF ne pda a Se oA pte «ta Baw S suenea wns eoiou wigan aor ogarente 
oo nee nares ato ne aa sategare nee ange Cee acne. : bee: AOS nese aha ape a et = pene Sie pe bat 4-4, ee rg oe pl LG 4 a terete” one exerts oem Ss apeeme > A Ait, 4 ca ¢ te tt OS Ny Gee AIT Od Be torte Wiggs Met sake threat geseeey eareeteietea trenemee ee 
te ee trace a fOE a nt a Fath Oe conta teal alg aghaaet , “ aah palatal ere? OT. wg SE oh a ot eqrer eb ae congo De aan ae te NN page vere & ME se “A ere™S ao se Ne Fa Gee en renee meta nr te Case te are Se oe gna Wet ann a 
hin Oe pee ange nee AT weet n ORS me ANT LAE Dt hee ET aoe awh gin ee PDP PWS abgl Fy Fy get ¥ b. » glam fe = bag eee e = ‘whe as teres ONT Rene yr te aap sermranerpca ww SOW" hg UF ETS ". E v 
Poon ant ead casamanno ed oo pg ea caste So pare Fear oer ca VP CATE Meare Beton oe pen a Ayes Ss Sipe rere el pe wt tere oy arte <r eae be Fe SK Rema RT Se Moet Rare” pee reee ee eT ogo WO SURE ARG eae maeee 
ett . a ag4e greeter on eee * e! . adel - = z F * at = P -- A a Pr ~ 4 ee is eA Bot aU wate np inane 
ere rein oni ae trariet ge POPOr ativan, Le 0g 7a oot Bat of a hema ‘ - o As r ee Se" A 5 eg : ie to é staat wes" ae WE peer orattntty Ap rtmennes thr me Rages mre (On elRner . 
; pare - a een ae PT Aad so ar ET och 3 ee I candy RES ee ating ete? Spr sety eer “Tt ~ 4 » frees PEPE ya Ae <a ws Ne Bie UIE se BARS EAN potent o2 a oe ett mes SHPO aratret eek 
FeO ge Crees eee Setaceaat neat Came fe ras nt gh reine NA OSS pen Ot i a Gale PTE np ae Sawer ater OSES Sonus chai MRI eS ; Are nr PEs” apn tle BE cbc eth a UIEO* seu i a Rep aa Oe Hele WT Ted ap ere i a ee ae ng mee 
r ct A q — a " aan + PPea oe ae 7 P ears a shy teh ng ate et ene ant 
a pS eee neyo AR PMEO? ptaea eae OT ape Se oer See ert coe lp ore ae ets * ew ponae < spe) Sere F hdl dae cr ppp ee Fa ote » crs pn hed Dirt 3O “ae 4 . a PAs ax 2. wutn ec micneste ie Serer mtn aereernaea 
Se ee eee bs eo veteran PSS Te ade eat pen fa as 7 rh 3 bir. core e, > Paarl ewe a pep . tare ty hat SRNR NS Shake nortan eee eee py AROS 
2 : 5 Pe sane eerest a emt reed or ene ota Pgh! ef of serve g? (UN ” Pine Peete aa on & Ven NG ae ea 2 up ot Pot 4 ae 2 a te Ae Aree moran Wee SAL ANE We we Ppltaragta He Se EE Meck. bo NS eee weg WN 4 at ree BOR FWT HAP TOE 
sae neetree S Fee eae rata aan oe oon wee aye Fgete St Oe Ogata eS Pe TT apt ‘hicgrenty 4 Sette Myraptare RAYS EE Reais a yan regatta 4 a Pee ES ma : i, a : . * oP b= TTC TT ath mae loca tact retrace tae 
as 48 a a oto Lg Qh atvgret Sake ae Salina tee? Pee U my! ® ? ” oul, a». ¥ - nde w ae Ald = hag ag’8 ow Ae WEY wo eet ha A en ATTEN v4 Se ehh ak y pak eae rey rg MS. re 
PA, agate A tart as. crfen  eeagrees taiahal premeenree eS rend pry ee Ee ail popstar RET a ares tua ta? GO eupet tare F rete wh mm pee ark ry or PIC <p re" 8 ahr nag eS aOR AER we een a ears ro LTA UD BNE eat Ser aT, e mpeopm oa iria gens oer Set E TT Noe ree 
part pee ne) rete cegmes 60 eee Suge 578 paper 97) roma, es papal ST pe kappa DL pasha oR TT ann dh PI a aa ad at PCs oe Ee ar tg eee ee nA RAS. WM SON NN cre ave Rgte As VNES ane Sep! LAr pao senetoetair oman cineaste rangsantca otra mee ees 
eo a ac aay ti hn ace ag iad 000 A peg a poner ern = een nb wager 0 Sr ot te yh ane prmn-6 ee es ne Je? nyt nap PE meets” “a er PETRIE ST are A oriryeye me Sr oe areas meee naar paper peeeenirer tone 
a count rents arate rasa yiter 18 arn. ones of ap i ee ares ta eT OT gee Dae tae ee ci bo pet: rye? ae ° pp ee Oe be ae Sang ey 7 ey wrt re arte nee ee earn mea amar ae mes 
s qnt! cor. Fon ate pt a oFA meres om pes gaye et Fotns CO Tad By sep er eters I Wee e / . “sheh-d " roe ied ww wag Oe Rata Qa et rem ee ag aN ¢ eran Fn te 10 NL oteg to hcP ANT MOMSAENA a pray 
Sting Peon Ria —— spe eae are mabe ae sere etree en pawryines 5 er Aatagrtn” ort 2 hee al Lawrere nd Fee eh RPA sOHs O neat But OO TT i ad aft OEE™ cg PON” eT sede Arye" weer Oe One ES or ip a ee) «ane Fs ah aie ee 0 esa bere eene Ar een ae ence ma meh RAAB NERA aT OO Ne 
he ra ert OE, ie Bee er ee Pe aagen Bah Wee W—Ie f ie ee ed et OOS o | Hiaeh fe° . te Ene 5 em é FP ube POT en ee aah Myrna Set Oe ald wy ft PGF ” ray ar PE ey =tge ‘a A ws Aten ON nage pts ee NM eae =F Tyas er BE OM MA aeeke it: eer pak hei nd i aa agree Was tata We CHEAT Sook nerastawirecmessanecen corey 
Fee ene anes fae paid Or nde araerh © OP: Oe ee ae a e! al eh ad agreed ot Oo OS ant = Dre ne es ost cater Hatta are are f Pohl TD ed ap ality PhS Bas Ss Ces tee er a Aaa hres tty” He Note athe a>) aan yee 4 me Ae ar rer pr ent ra trarh tar ik 
ote nares oe wares o ese ght A GOLF ener Pantone th 0 orem ran nnn ter Sms O SAS os ed a sy eA gn e iat! 7 pple SS aime pe eer. 1 wos Se wr oe py Oe ee " en eee” ay en ye Beto ae = WS pe ws 23 “apt ee Te ate! eb. Beer epee Fig eaeasace oAVAPND ~ Fie geenstan rt nrar ae eee aN a ecenrar ae 
ep ae oe het on os eT pe eebas pee a} pple For paras eos Senge ap eee Feats mate oe ne eur ay ee wt a Senne nbd tee Pe Ore nt EA 9 peta Spies sya ea 4 04 webs 9™ SSSR earner emer wea 
F esearafraten tet coary seer ner rarer neat eran babes ate One setae a wt ran een ee pty ee ILLS 5 te eT op an et Putte! wil Speen Si Ta ier 4 hoe a ear Tete eee neue Aint 8% eerie Se mately 282 Wea Via EOS Dmeaaettescnarsrtrtaratone oe 
Pt ad onset nreatereaeh See LD heeeae aioe parle et anal sgh ah aun’ one e nag pt PSO OP. Newt re: pant OW) rer oe oa popurt rl setapt sent ad Cnt My it OO TE tas ext My a ee A me eo pymates ite ayes ri ~ ee oA ss Pepe A seme" tetera tenant nee 
So a Fare ee gg oe Cea Itech ob pennies ope teat ieee, geet es ~ 72, : pk ie alkalis z + owas ¢ q poe > ae be ta i ect are i year a a Us aw yates tr a pee gee ert al a seanane aertrtanstoneae ate tp aR oe bert he 
s hel 1 Pog tasmenmy ethan gn Petal TERI USE rT pe ON at ae RS og Pore” po Bog nr ent ab arene te eens EES 7 m.° va 4 : , di ind meer entero Re <2 gre ty reer Ge na reRue eu nt emegnstee ew ag wot pres 82h oO” be WS - 
ews aon ate nego ne et oat A hata et A SNe Spee Laseomon mearver eh yd . ee tes oar Na vet oP e™ ity LO oti pee aeye a a Ae pre here Pare wee so tetas at re RW WY fer apt wel P Ee at ae One Pay wee PE Ie Pr Te Sea se Nesta anne anisnoey XA enn Ae Se Naga ences ng ORCAS EN 
re taphes we emer PS Mee rican omaratel tra aaaam tae RAPS Senha ene etn Pete Gee orp Le ate PSS PRP A TAGE Gee coats A ato pbinotye Wem Ants bl OL ree ste, ate Sol OOS I Tiechatist Fe NTU Wee & YEE, ti 2 NN nha NE Le eS eke eetienee cent wat meneame 
Sarre Oem aC ee ont ligt y We one Pe pate O ee pane Ma peret yen’ Pete paebere ape $ret ew ie ne SL ome anit in oh ne yelp St Pes ae ir Crete Ne ee ore pe ee sy oe eS aa ty ahead sett rg sate atonh me cemeean a nee SemmeeN 
ee onan peaeracins it BET Ss ties opresen? nem RAHOTE Cs nti 7 ele pratense? 088 ener, 0 rE a * + deer a aun tety os eter pier res roomed ds = bess e oe wegen of 1 ewe th taal he * . oe siathelyh die Ae VN nee bein mos nt bp es ey 8 eb a ae ety ty Me EM %s ten ae ara nae ee OO a are pe 
in aint ager Orn Of ral te fe 2 ree 5 apasane hPa et Sat are eae narent! N ggmoane © eet ee ted perhaps pag Fong Ht GI wary ee OT be a pete peptic ee Tun rrienery SEE erg eee en BATON eal, ee rca re 58 Seghgoewane rene We MU EAD N Sars ay ote eee e a nape KSAT 
Pape ee Oa a) pendent ® epee 20 Am! per phate wg? ynnmenefe plat pit : eae hl pia ibe “won ape See me Y* fg be a ee no gerg re ee Ce aca Deg Petes ete ape fh Sager baie ns ae Oe pe ay potent em naeontcnee soe came eee 
ap be PT OT a9-od wheter ereerrr™ Pet ot rr at MIE cam Se rs alte been ett oe a red "a 3 bee PO NT Ni pie jae Pe. pode ttm in cae ee Foy Soe’ plied th ere evr’ Oe peas SUF he Seren dae: sights et ly een Oe stash We tty Ty ee aor Pap Wrar stAg Oy 9% a he che IP MPO era tn angen, ee raathy Het OsmEN AED SAND 
moran WOON ae tn St POT pair 2 S ced ol Pet mN ee wr tpl aha a ascetaemgoy? 5” 70% bhatt anigenaieat 3 e NeY Fits rip La fate eres ape sorted Yeh Ch ate 4 wer Saar oem oo oer yt ene ay we ne ee pict ANE =r}. Sa * ons agro NTRS apts ee en ea ans NEES WN Coat wees teng ts & aay Big te AE ASSES 
Te 0 eee Ngantad ed gerd ate fern hatte eS ag ae vate tapi meted ana TO ec agen ae naan ye cr eS Rah a ee Sobor t eee e, <— ST peo o*- ar pee Se ae re 7 pra nen pepe ey Pak war ane hae rerun gl Me hiey Oe PPPS re ans éoun ohnmuceenss eee kn agra arenes Nelms ONS ite Geet 
. * - eel Sag Me ghee SA Pe be Aeeres es argent Fe oes wee Mate NTA? SE SPF Od. ae a ifs spots twine * ere 2 ay RS Ey se Wes rye ty Re afuptag ohn SPAR epee bd am: Osh Somehow TNs 
— Meats oe oe oe Fer ee ae egal oh ROP OPP AMAL AF stanerenbel ah ere age ah NY ed 5 habe eh Ae tas Os eel Le pny dpe HES tt Fe. (ee Oe a. Sona Mie uh F eh ae ae et Bait yt eit! Ag ape here ote aS Ok PP eT é 4 He tar & gore etka emaen eS eens eo aarty gig tet Sa 
hole TE ee Se aan? = paren I pa oes alge Te re eget terre? SONS . ce FE RPE? oP ATR aid t Pe TA Fo oe eT Ee Ce bide a pape HTT iyi nts aay ee) ey re . Pea ae AL be pate ph, RT, td papas Apt anga? OO <6 wnsncn An Ag RAEN 00 AUPE mA egna hy eters Sp bate Nonaromenenry etna an Renate 
pt a atcaird eed See coche tos te Spee p ee crates Salt OO sh agence Bae WM pt ale eee ey echt bathe 95 ee A POE gee *v : . me ear a ityge es Ve Pew tatters Se NG me oe en ena Ugtrey & SNORT e yee cathe aegrany te Aamanier teRS te we cs rye 
’ * eh FF m aner t * Che aft < earn toe Oy ivy fig ey us Se erararhane WENN Orne he a Weert te ° te tight: , a That ca pty pes 9 ape Rabanne Te” 
owe SS adel op abr geet tee ch o-oo ctr tt err® apie olgl A ined ae nt gh ts eee , Fs pant ita de SOP < sae oi 6 oe : pe ae g on Spa Siero > Sota Ga OG ae ia ” ere Ayer emp bok Pr PG vt = nee Seagal tees ap tp wetter » arity NERO? Me tes SEATS Pate eee Nogaanen enn em Song 
“ - Be, Pepa a " Mtr ots “8 rer ure * a. \ ” ‘ wy “ely J = e « yr" Sy na? a = geet ee: ws? se te tyme AY py. FS 
nan! Pee ian Te erates cieoeinsa tae ego oP ot Ot erat dae ware oie dmtat capad 07 00 OPA AF PretahfePe netted ANY STE Sas epyenret et eS Por rent ican eee TN wy Phan ee PRT eE a em a ates tage gt her ing) tonaP Ssyhes an ont” Ms ne, a ein epagag Mee Late oh 90 EO er acpech de 
eee ten) ota Feit 2 aE a a8 page OF vet a I comers Cree ated Dapreten Frere eit at oa frees We Bt eT nh ee ua ahi és bth AT ys “4 ; fh ds oe aa: oS hdd Fd ia ee Septet 2m gt VON US AE eomartag he'® ~ po mgaeMaas®e y f 
app arse fa nee 2 San rap gtatnee fap rte © SW aeons at Paria 7A” pee ut pat ket 62.8 PE” OM en pe ee gop gn oe ee ann am Pa Po i ‘ ~f i mange Oe a atta ited es ape Si a bse ee 
a Piper me Oe pre gan pat oe apr OER NT ee yy ret toa aa PPE revit al f « eT aie PDair ee SD a oto ye Sar. —— gee are pa noe. or ate cap s he on tpetately: ee ee pa TTT a ts dea wa uc tgeprians sphetshaee WEP Tm tome weetn te A raat pera an yarn wes AMAR TES 
wn peer # RE Foe Aan nee a puree raga! wt Lee Panaeesrys water rr Se Ae peptatges > Aye ta” CaP PAS ee a) aad sd fa des ¥ ph ee ye wise = a a i , ae ' . Dah cel ay wwirtare we ree “oe wee ap eee ee ed pete HO NOD, pacar aN NEN SOM a Takes ws ees eR OS eh a Oe 
Pern ne niag wpe Na Seba One onion OS cpr Tt aed ary nT =f ang ind: rh PLP LL hin PoP hao 7-4 te ap oe 6 ae r “ * ee : 4 ray Le a ak eee aronse pop Ase Ne 0 vere ee agts™ Spocapmpmgbampraeene to AAO se rena eee Ee ane 
ad fee Ss rennet a Tt tl Pe at rath 6 i atta noe we Shagh elt hd od Lopate ve we mp te = ody LG caper’ Aig — Vey WA ¥ Pa re OP ing 4 sabat j e mryt Y age y weer aati n micrcranen wet ema renee US ye bes 88% 
aoa, ore Ao oeerae ter a wlan 208 ar oF mi at OT OL Ker pete Bt rea: Fels ark pee : sprain es rg Ag po BP Ge DIET os | gee Oe om " : ‘A + Boe : : secre a en © ss nate att anregnty 8 eae amen Tee BART See ance ee eee 
Fan Pin Fb rasa senso ene eh oT poten A eotpapt F OC San << mao ae fo ee GIL Eee parte oP wee v tw ron FE koe 1 a4 4- 4 Riek Ah ee ag al FO ne Sree Stat pare nar ames 
rca age i tana oe eS ferret ae en Oden § CRI =n ee = hh apes ups o hes re re aaah * > ph P ow ae >-fo y pa ont 4 - [raed bs vN - pie , fyabndr 4 Spry hy Pt Mar He PAI HM Row am, epnacangms” 7 61ge ST a ie epee ean’ rai OT tare 
pee mer we Apa a tn niret tS Fina peo Seana w toad pod ales CAE EIe h eiee Ma tory Fae Sr ne Prawns Sars sere" eat} A wv” ee neg tere” "oe fs SNES pser : Lg a he th haha 4 qprenrte re ngs este? meget Ae SSS aero 
Perse gee a ag acto Oe rareretaverate. 7 pate tet OS a silt of wie Meting Oe TS agri A owen Fe arnt See aye orn # redo ORE eee - A nti HE - So! 0 ne a > we = fy e me ete Nee we Pay PEs BPMs? He AagAnlhy ees Pica Cte et cp are i a Meera reagnnes tees 
OT intial Souter et an coat tan wy ote etal wear FF ah ie ree we atin 2 OBS oF Sven COON Oe ae tiple nh At fone ee Ot en Paheg pcb co Ch te aol an , . 4 Fi ¥ Sp oe Bre voor SAA ce tiity ts SAO UE Fra CNN earnsepegne sr tsAreeNa lees US Cer. van Tasha NED TO Tahsrstaaye ee 
Doe lag tanta mae wate orore eT ied ofa ot reo eee en an we VS cememerar” OPES eid are ay yee S eta cece ee: ee See “a Lear ” ai On aes ad ‘ . pe af ™ ae yrt mea ¢ Sup 8nity We Ne 8M Pas aie ee eat aoe gece 
Safar ation Fae A CF eset tartar ele eee Tapas we PET! Since pn ded erent 0 AP oe pO anh eee} Be ae ee phe ede ad pnt oe P Py I PDO OT PY A : rane mone arin Senet ge a pe ee pe we Tne opens retorts rates x Oat An apnea ee eae Ne 
— er eanen hy here en iit pet Br A mgt ef ee es ers Rohy reg iar ¢ gerne Maryn. PE fur ok OLY pa Ag eet oles ~ tor fog CO OM sophe Ps M ; Pang et ere” geek en caterelys ewan ae wre Se Fam ayty “8T= wenn we: Nite et ade meee, 
Ta aret ras PN OT nent ne PO eal fay OE eT ee Crees en ee Peete of enter, ot Fae pape ee pyppteds Pe ne Meee foe pee ee repl . pe eae ere ee Sosiise Sere Se a seca ten samen eee 
eee ate ote pt re ees ere at POL w LES Sema et rere tne pees nab re ee Debra Sooty PES, Gre SS SY. “Oo Fray ar gre ES nah : Oe by at, ; - , atte Fann ot aw nyegoee” Se pe dni i PT donnie’ pale. ae tape ene ee mane 
ye ban? Gare ann ere” A adnate AAS, Date”) ie SS, ta of 0 So heel ee “tether ate) alert ye PPL POL gant pee cso Ouray pe oe Ne eet OM etm - ; mes Note % Pet he 2TH ae serena tee 0 SUNT Senora: +78 Upnehyn bees eran ns * maspin cote oe 
centre = apt odie eters eee ary a ? peter pet Poort Oe tet OEY fer mye F ot at fe OS™ piacere ae oh te ar ag Fe rag tih atl cor wren oh a b-ge 8 ce Aah DO Tee oe - =f : np pyy open 6 permet slits P72 e™ apne pai ie te TT aad mata a pment eet RA ope maa Nene 20m RIT NS 
nome at ON owt T= ante Cateye rT ahah oopad quad of rere eee OS oh era pe eee wee Oe IE aah Perens po $. Lege BP SPY. a ere naa p beg 2 7 yet We ee gt ¥ . é : rans mats? Ap tatty" Ww ld mgt cep OU ee ae tas tact Serene Meme ATS Ewe ee nee cae om Shore es WT 
eee apnea” 28 0Onr oF Ms aT eT ieee SO iinet SS Sapernt fie Od oT ep yt id ae ah stage “aes nie Os pee Sp TN te Pe pt Ota Sue fy > ng fm PO me oP ~ gang eg SAN wee ; Fe b¥ + pag ran syne wow E'S eg waht BAIS AE Ne NE ied wa Aes Nt ang oe ean a 
a eragtac rat eas et CS Nees Born mater at 2 ated or FOS eee ores ee ors SMT Te a rand ne ry Om Cas we 4: ponte ™ ae oF nee - Ah ae - epee eee \ wang Maegan etn rea eee teers gaa mea Copter eee 
Pe ct ener ie inerrant ed Serer sooo gar et Ee RSIS ode CET og foe See EE POD ~ Let aa Pe aoe is ae ae ier te eee ee lean S aah eR pane a eS Tee 
aoe *, wi ee ee eae a? oh 7 ear or gried ahs arne tap on ge WS ec is ; ; " > f acl atte pom. on, the = a? = ee ee . oe ts : - 54 we guts 3 ger EIN Ts ® mp Beep~™ ve — = _ pee 
ag are Be ned ETT Datel Wi ign Po Sree ae oto OT emporio Sv nr pak BE ee Ae EEE IT me aren igh DS oa RRO TT ate aar secteng gue ee arene ta 
Seager ate wg ot paint tlie Pa pag ve aes ep ga tatagne Pye of Oe ¥ fA of Ie pel tarery I remy ce 28 AF a a agreete eet go sige Pe eT weg ae hit sores TS ve" i . aly paige HEN en ON are oma Tor answ seg ite wa Nes * SEN, aaenh pS 
pat Neg wt OP SE Pagers OF TAT ae alin depres OO ae ern a ae hata 29 LE Pe hee AOS. cr ge etn ayy aE” neh ue NO" PN nn 2s dad eT ee pap ae) Ay ve He wre a” eee pb Br pete Soe ae sift irs See are OSs oa Spraatesnmgtaspee ans Pe adrortng MYT tO TAN 
tena eae pee & sree penne Se tote p oi ahah Fale of gs fete ay Very gat are’ i iby 5 Sp pb ae gly veo engi at aye ae" aoe aA : Part Peet re Nee Sy ay PROP init ¥ ti ig werent yn vy pin pipes aren de ad eas eee UY eae seceneas tn eS a tpeeee ttt nee 
a im a - <4 - - ‘ Q : kel 7 « ~ ° Fi ‘“ e ¥ 4 " % Y * Fe set es ° we she et Pe eter inte tie and) > A oped tee r 4 
ES eins ee ee ahafeet om Font wreneiem he: 298 rel 2 PT PO neers pei pal OT da * 2 e's way Uy wae pe rerres res Hm peru ein hapigd ee Deis ih Xr wv gee . ne NEY oe Boe nrg ay ees Be 0 arty er aoe ers ohne. Deb tee ms taro nr ree piteten ty BT Rete Sp MS seaee ty hay On 
ii Cig ete te te”. a pT nT ala OF ae ot wag OTS Pe eel 2 ah of (hand ar * eros Y at ed # pe ere yw v4 a <a - ore, ‘ 2 = , d > aide, Mete > : rs om ¥ as ie bed Pee yaty gre ‘ > ene ee en eons Ap ig wy rN Oe eet ET ag 
i? ee awotenaire te ee atail yan tol Safe ni Ayrnsier OFS EM eared soh Pee Ady. 1d toy ae etm Ss 2 DO a i Or por’ eu ont f* a me were EY - ’ ow ont op LT WS m as 4 te"y™ OE a st | ep NIMS 8S yes tener et * mtnp ota "2! re 1d y 
et a ee On Bisel wt toss Oe Sth Cp pe birth wr Nese mare OSS ow oa oe Cee oe det fun sah IS vee n ah eb a ooh Bese pe Fl een Tia Rank = tl eee 2 pee adar aie, = te ap 6 Knee we eR a Loge ptastes ymets eae ee wrens wee ta, My phe xh 2 rene ea aereeee SST 
oS ial ote rey Te aed ~ pe Pinat et ah RAID eare day h epere tare Pad aT al eee ae ts OR 4 Oh alied " tle res fo 99 pede Ge rp gee -_ 2 “s an 8 eee 2 ~ E b fap BOS we aathap ia a pire ne een. soem wt = : Ap eeS 4 foe ean ae pne St eee af ape ane 8.2% eh VOY ests tre rentn Ons: So* eather te ROD Aya ee WO ce caina ty oy SARE 
ow! STs ed -” bh oRaeeprraces moe OR pom etnies we “ae a on ane gs weagtat ane rae = s ty, ¥; ee apa = vonae 3 ws 3 . ee ey bi Php — 4 ’ ¥ o *e ~ ws ~ * ra ee oy saree Mad LAP & o's Se Sphere tee =e > ve tengtamererepe neers ene nem ae Peet 
4 age nf = # pe 4 PASE Aig at yPat oF 4 yg 9 , re aad ant es on Fe ff o> al y ~ hd werd ww w et ew Ree a ete whe Agen ate OSES wre ignore rey we tw w'getegee © ey . tear! 4 ts - 
hrs chee ef oT ee FS agape NET I, | he ob tae nts Fen EEE eo opareiin® Lo dig 270 ome tae yas © Pe ote raenge Fae pahne rey =m git oe mney Ne - ye gifs we ere 2 ag Ae LN One gh o™ Bee, eyitte ts ee Sar ares tere teh heath 
Sh ED ig OOD pals a ier oe a ee a ee. nt LOOMS oreo iad Or Te eT a Peg Aight agree Th tapharmy et i Bre oe is Ww" 1 F io iam we Te othe wee PY <—s oe Ay Ne hats ge We ila tain ace NN argc ache en Sa ee apart ~ ee 
Pe. ada —_— tat So tal oot eet wets er een 9” pes Qa pias oe ete oe tee oo are be? = pee gia a . sip * 1 Oe atl , gD rer spp at Os ae Pee ee mn aa a i ngs aN dl — “Sis 2 pe ange? ao ¥ ™ awe” weg witg.e NST @,ra9 Me Oe PL Pe ae “ ye ver Te 
Oe Co v ost Oe ial c avaret af een ia” “4 ghee atelets wages TY a ho v > a s ay . nat yal “ai 4 ow "3 wy f ; 4 w a t o ppt Se ee E page oN A ye ar patsy Ww : gel wy aoe a pe apt Ae vee eV Vs wernste ty wie eo Caner eee co um atemea eee 
pen name tn ee ee ®  geehtat PT ass eG al we GT etait en cgewetes we af af SN a arse? a a taf yp al are! 4 “r ae Bye ae ov ed pts . > Prtes ee ¢ ~p Be - e - over A 6 # ey Pe! oe th el tg Set at wy oo hard eben ant a Ranta pete ere Te sae aan 
cca nett ee a Pe ag PA Ae een es” - | oe an of eh PAPAS 45 ee cue erred oF OEY. eeests rw os = oa ary OY = a?s? © C s Y f ¥ , ” gage ” if y . 4 wee ws sted woe weer e® Pree in a ddl Sc aes agit ey ee ee eS = alec * by : : 
oe tgs ait -- Tate > Sp Po ng Prd a ey ORE nn teln Ye 20 Sratred ame wel Oe ereber O™ i, Sling poner af ot eh a vy eo ee f = aw fe 9 eae nage <eS wv 2 2 ae & adap Re OT BUS Were * pra weteee pete Cpe. errg™ Se tee be Oe See iiie eee eee ee = 
IS eS. Soe Me ee ee tint eat ayer fd aa on Pa Nee ee ag ponte ace een eee ee SRO care eet meee mere capone 
q tales ret oe neers owe Aes ee aia estes OFS wee A goed ot ** bod é tJ eae d bie v = ih F a ‘ aa J a wre , n~4 = hd . fe 3 wae tarts “F mn ae ag mes 18 mages tp NARs ONE ete ye eae a ma Ae a engthe’ 5 ‘s 4 
eee ene no gf aa 4 Fut tte PO” pepe at oP ee” Aa etn ean etm cet nota: PaAL SF ¢ epee te oe : ab of pore fe OPAC Y ge eq vd a . = = wand el i bap ~s —S ‘ sat Ar Se nt 7 oS . al nie i eae ru Br’ thn eam ene er ane aay bp MT QOTES tOmETe eee tiene terete epee 
ag on Tee ae gota F& "enter paper I coc arr we tn ET ra tat Oe "me cagretatvar ls TAZ ssf ibeanthe bathed oe =~ = e re: nari . a en “da angina RS e= chy PS EE ie aan PO adh aid Rare ug EP ap ate tee ls tte aaa teepnense Ny my Ree 
is srr ena ee ae rerete ng, oan tah eat ee A a OF pg apreenmak on OT Tk ad ae fof ons ent “ f< tai ag ne Pa * = A , 2 * toe ae Saft ~~ = ° uA = ge = : he ae or = te* a a id eS ne lind eamapapertets we ee pp RO ete tet eee byes REO bagi oH ate : 
oe ois re. sept rn ge Te pt ee petapel ot OF PO or adhe og er apery or o” are sere og f! ag SY: er Aan 14% mem reef a = 4 nat = = bs nN alka ~ bs ees roy cert je gaye = wm vte eenAent a eit SEE a a a Oe 
re Saratet POSS ag a ee OL eae or hep ete OP LESS dial al pgen tae? ne” Duapegrepayhed 20S aq 08 re - eee SE ina an ah i die anv “aia ’ x , 1 ws . ] fre al * —— wee year + el i tpagn ewe" ep ogy op Seek ane ta ely ee omy wae yey ae aera ties se tothe a2 SA 
iis aa Pf ee oF ry amt png Pte ays aD AS nat ay rete S mompelee whan <0 da ate ool sot 2 ati oe ptenes , % me er * a ‘ ig? 4 Ne i tes ind ph aragneny SO Penn gmenennye” gel ete nate Sse ehe etree eater eh en cre ga e 
a Sen rere a ager eyes 1 9 AT wots a TE stele eee ee 5 ee ory mee Ye ST oe eee a 5 b dariog * os te > f 2 eo ees bed lags eh 4 Shh Vereen’ re neteg ate SEMPTN WT WAT YS & Ng eeuttareame seme ameNy yr aang weet ee ee 
enero CTD © eet sha OF dae at wud per Sead ee —re ge AE aay” corer tc awe $ om OF anf ee = ~ “wr ay me UL % ¥ aw bare, 5 PS £ “ Riga ee pop my renee HP ow ig tate whee" a ene San adr aeraa mn Se eaee Gears 
Sean dea alee Se wie wratn oem Det et Oe ie eet natratnetretint 0e (8 Pe a ween! if FOES * ght oe A ay <2 ee poder: pat arnt tf on F m OF Ae pid ag OE on ee ot a F P MX. An a Z 4 de ae ees oN Woe we TP Te eS ee Pa a ae oe aes WEN pa pep eee A aa dl 
ont PT a rat ate at hes tt a pie Phe get owt dad Pe on ao hfe gum tat onret ee CP tt wv ft” Ed “ 7 ov aes i 4 te pe ae a e ae Ae “2 e ~ a - J ea - -eer » agtte mans ee Dyree 5 ao tothe nr othy *B%ee PrP ea Map on hg "OH alr tah a antinled ee eres © 
gill ple Oe ai agee woarmeree * Pach brad ag EET OH rata aha s ee maemo a ome ge ae lie J : ye of - < ip eae’ OP ae Rie ow i 4 + eager a nad an ao i a =e Anstyserew YY age wwe roams Se ee preety ae wv Seana ete nae 
py ee —_ ro figsernen’ os = ainsi’ PP ee NT ™ «“-" vee: wen 3 = eteate oreiere a a *% $ 6 . Ss i . se Aare é ne s *. “4 a 4 etry ot ronmnrens ne tp ewe Bo B® eon pages? WPT React he rebecca renee Mire oe a ie 
maen sal cameortn aafen= = pee nee ord te iain tl ePaper Pate a put a -* wv ovat aty © a. wats rg? ees ae ir BS = _ eye yen oe rag ’ Re gtd nee gO sitetiy em ty are OE and ate tees Pampa ee Neuere ara eae er A at Naat 
2 a es ee ed 2 ange pleted OE MD heated pa « we Tw Cay « cote lt fos ai He ° 4y~ a) ‘ toy 6 wt x owe iris P nat 7s ats a a a a ee o. teeters mate sD poe he omer cabetyer Bieta Aor oe OT oe teeny 
ore vite of Mee ee ET ae foe afr oes a eens ir aah ce ee Aap Pedi: a oe P 2 ‘ te ee, gf r a Oe xs She =a Seat ¥ ~ ewwtstyteaeres APN eo ang tap te NFRD TS ART “UT A crane mp otaate We MPN ee Apres? A Tn ae anal 
so nunyre oe - 2 eigen eee eee 7 « te Lo" parge~ OF sarap f * = ¢ or x ee Be ape: pate “_- ¥ ps e _ 2 ery on i ai ‘s Se hdl : ne agg et Eee gates = ae eo way P90 ne pte Yte ee we Nee es OE 
rare "e e=ntan eee? wee anon ty rte at al of wt gree 6S agent ee sat ole © p> dl ae piety ~e => pats J ad = cv te COE Pa ae f Ae nid be 5, 5 deed ~ ws rere ° a, on co Rpts Se we"ee Sw ee ote Pe eT et ~~ otag erry eee Meh EM 
pam ate a we S tie? are et er 2 Pa oe tome Pad ot eon Oe wey - rf 5 a tae tye 2 ae ard Sp : ms > = J ae ue og ip ¢ ~~ a pey a a he A aa aytap @ te Oe Oo sapoen eer ® ng od Rate Sot ape ee? nbs t So 
ST an a eneaa: agrees 2 pvt gt Onl ote SEF nomage oe Oey Say twat eo vee he SINE erehe™ a wwe Sp "va > pa IG 5 y = =~ ai agg \s*y he adie Fe Oe ly ap teresetere emo. apn tetete  y te Y ng Catto ey NET a ee 
seh pe Pee se ne pee ens oomur or ates oe sano a al ae ae: : a eet m were ponte : , be ip : , wee a on 3 a ~ = # i - nas uote J yopmgty tere 8S tap ne nap So on eee i eT es ane tery emwtennes (2 ener <a 
a abe tg Tm Na te Peae ten ™ we ene re page earlheae wit ete et ay oO erehnre 2% oi eed angen ¥ jer acta “th aie pr 2? ee eS vy ” a 5 =p ager ee aha eg wo ong Ne ‘aed Gapte we teagan eee an dete ee enenwtees we FN 
epernEnprOU TDi ao fs ante wee ae eee patalg LY , aqryresat cyte 9-9 bet ee ra eee : eee . e 6 ne ag? a . Dace Sips x i de oer tpg tots BENE ee Me TIS “ pre were te nats WS ~ pT bald 
see eran ee oie af ry ohare gata'o narpen er on oat Ae ars eats pie te eee ee ov ion en ved rs oe o , cc ad I ~~ ae as ¥ Or as tops ba tty 2 Sate ete” Daw sep on ae oe © ine Oath ee SO Ow pur ke gets we oe 
seer eae < ee a ag aw ee = AO ak oe Peon Pr el eritt ~” PP od - - = 2s wy ory ; o 7 iy ar hats x oon e rt ‘ pe JY -* - + Ps wogh: 0 8 ™ Se ee ie « neh. 2 pg CR eet y SHE > ee at Nate te ower OREN = eee a4 ate tye oO" 
pe nie ee ee avy © 8 enact ped Pe A Te ee o- on ha f Ehond ates 4 4 eye r we 0 o- ad ree '? ; en = n ated Ff Pe a “a ar - z ® o P sa #7 ee ¢ we ¥ . ys Ma pty < ~ Petal ct oO DE ctrl ta =o eae epee ore oe 
pee ey «5 Oe rapt ate se ear eae earner (ereee oR Oe” i gee ve a ee rat Ndeaah, Oma: i ee Py af x ate ~%* ® . e ® my - c ai dees stualnd wv" we “Pe Se Yd Da tes ee ee ™ pin A Ne dh 0-0-0 TL aati ib (egte 
Tee pcan Tere Pe i datetiied ete ee POLIS” wn lo mah Sy Sour oN By oad EE Pore RO “i “ b ‘ pn d A Me ag ye ~ = e = 5 yet ¥ were & wo ty a sop ete mena gp ween a aE o-oo a rea w= 
meee ete se yO e20e “eo oe eye OEMS wer te™ f ots seam Oo fe a 2 peg = ” apa ope ey 4 pe a : ‘ = : ¢ _ Cd i _ Mba Ree ty w - hie Poet - was a Pad are be Bde Te dade tel yea Ota 0m Mer te yar USTED wee ae iene 
nee ewe a Fil Fe meh en nen reine Pe Ott So nae j= ee = as aay : ‘ fs 7 : ¢ - " . ys Eeetee te ~~ ney we UN Bowe oe a NT need ee tees Er La enti, tg te toe Sepang Gree oY 
sate agen ee me ot? pigs ated ett, ont o" 2 gente Fenn OS wats a of HOP pe Barn? . toa tt * P ie at F J Ran me 4 * - : “ a~ agra M4 arly tne i eee re aot Katee Mat ee HAO Wh eee Pe tele — Me cenpntugnen 7 YS ne aD Tee 
we ~-°4 . amet poqne on A Oo ieee peter et cams eye Oe eae surf Tees = Sachets Steady be: gets a pa np ‘ wet — thy dials . > ww Sor . wy wy 4 \ pane eats twee > so ee Netg e ee: 2 “ee sate 
eos a Cat a? oer Sp a o- ee agg aston re emyproee AT ove, oa eer i Bers 1 op ge aa ~ _ o ; eee tn i ete nis ey a meer ole = re wn tees “Ae R wete to Pins mw S — ee ey edt eaggete or 
ce ayant eae gee) we ® pee FOOTE © Aaweo' ? ary te ayer egret Ore ota = - er = ena en i a mae ' = uv ~v omy ey s — pa-es* 0% ~ ong tg ee Sere ee te eee wrens Ses” NN eee 
rep Ree = ve war we - wee ge Arent agri gor 7 “Y sc ae ae Cee: Me Homer si, myened 8 (tld we ” FE Meee ng tpt we myte Nm Ae See Se certetens wots etre eta ce Iagtte woe SBME Oe “ONY ae ea 
re ee? ~~ ee ie! ST og a sefets Vie ee vayrtnte #He Ded BF iat a a ass on. wee Te cae ¥ ne uP ne we on 7” “ > wey rote 2 oP Pe Ap tae Er enatS pier nerte Af VARTA! OS scot tins NOMS int ete © ~~ 
of aS os 2 eee wood re oes yo pate wie , ~ we 4 Aer te ere ad . 2 pists : : ° . “fet ws ce a E os a . ee r \ “ah % % s2oe ny ton ve St ours oe ™ EN alae and ee a) ree Pt Ate we 
i See) Pa e ree a * na we wt ot wtigta?® tae = ol iS 7 coe . j we °Y . Rzate" = wi nf =-*e* ay wpe he ty™ _ © pages a ieamcte Tagty te ete caesaget =k aM wn 
ae <2 vette = aes ceria on Oe “ ~s par © ; w 7 ca “© * y é =, " . ” * - gS - ‘ La “s “t aneee CY oa «gp of WS + Re Yotte Ste % Tae ° - ts a te ii nn tert ag ee oe nS cated awetyy RE 
Ce et 2 fe a @ qt tae ¢=- * yin oe s zo mare oe ” . ¢ A v ao § wees &) eee eo %* ™* Ph _ * ow wie # ae = Dy OT rege or" ~ 
oom Pa oe aw ow Oa ee = % ane Oe + a oe we oe ¥ at - ' oe we & F - . x ro slab aS <* @ . oe F ee na te Wy 7 cee nsve’eg SERPS we atte Me ange ate ane ew 
p= = a ~ eee af = te SLi, 7m ~ - ~~ ~ ox r wee ¥ . s ‘ ° - ae ci ih lade ? vw uo eo. ms "e ¥ we el rete awww we 4% dee teehee oe eed ba 
- oa ™ Pa iad oe owe Cad PT ae Flinn sind a te 2 = =: ll es n a outers, ae we. aye we OF 1a 8et % Ne ~e™- pan tap mertots “i eS de wot ete De SF ae cap re : 
on ~ oc ome” pumpin # ere kt tt ides a ¥ ae ~ ieee ~ ~ = ra bk ; ; “~ > Secon “ ne A Tap iti a am ale = ¢ meee sng eee =F ts oe sy par 2 Sern” re he 
wale ae Pr ned uw a= ow aye oye oor ov - * ieee ower ats Boe a . a p 7 eon hd ma pe owe ©“ ‘we tp ox tg 2 °° erty ts CAMO 4 ag harm tan 9 we otonpyee re w 
sures mare we Slots od - « ww" = - gve=? « fe ee vr all come ee ee = : - Kg 4 ° “ wy ye * vr" ae tee te oo oe ee” pumesitattpes UM ¢ ee eT ee ee i 2 ae 
~ e ~~ aie r - = =~ engt re ~@ ad ee td - # ” a ” A 7 *, - a . = per PASS a a has at ming, + btu OPPS “P geek po en Wee son by Boe A a ene 
NE ee 7 ° el may AP ” 2 - a ae *. o* te as poe , - ie te - wgmy tae eres We WY! ol one ore ae 
we 4 te = eens ao a o* £ seen = orn” 7 = ¢ rare get yee af ’ “i f > vs CPL Maal ow we? °% s @ ros wre eye wo oF at, “pee Sst dae eye” 
wee = a «ve Bs ~ = ere >on ey “ J ret i P a Pet, aa « = of Qype OF ar 2 re of ane Arrears mics re — ~* neMte wee sn anew AE sey 
Oe a a wit pitas ust wre wo ew ere Aa ge ae s - Fel « - « ~ : “es ° LJ Lad ~~ - a pete sw he Y pp eerty me % 2 ahaternetees 6%" te oe = 
ire pale cane alee ae a — Sqn »? P owen i * , ay fs “ ~ i, “ +» “ ow oy 4 Net wy cee ity lepage tae oy ip soae ot 
-" > iol Srey Ge oe arele of Ee < o = ats aCe = “te yo - * ". « ow le ded ~ eee OL Le ws ae one eee We Pee - 
ao # a « _ vw oe a= qe "7 wat we atl i afl a PAN b, auf am 5S oe =gar7e © ee te atid cenatgte | ep he 
ers = ome rete? poPep weapon me” s be ad ae ae ain 5 bo dia a= ei Pa a e vat - ” ~~ + Ed a = Setlg be - Nes te Be Ooh ORNL o+ “sp* ep auigg BPS Yee or —"s 
en - oo “ * wea ae pare oneonred o WP 4 ad fa i ori 265 ; ~ 2 + a oon Stel Bel ~ ne - sos we pre gn ot SE 
— wma a e &» - ase 2 - et Hd Tete * - at sted id oe 7$ , . ‘ Py . we uw % . - rewy * — . yy ow wey eee ON ce 
pe ay lr ok Shoal aw = ave aie ows) Ae eer _ tit = ™ : : = sae —* ht id wre - w~ «OF weg oue™ oy ee ww 
- a = > ee - * an o ‘4 —_ od 7 ’ € 2 bac 22 a soe peters <2 = an ras te 
a -- wt 5 ot a % re ® » © w hd te whe ee we - 
« er “w* = ang af = eee od ¢ epee Ie ae ‘e-prew me as syn ghe = e ters & o- weemet ot Bernt oF he 
= OO A earl we ot - sete rer” a ° ~ & « fs 7 ald - — catemgee 7 Oe aay wT a aptaiess eres ho sy aie 
e «mn a we - av ¢ a 2 mal! tP , - = ye » ~ aaa op ee . 4 Bet oh= wee oe & = mae thems Ts we Whe = 
- = al Cd ” * nd b= » ~ Ne as ae 2 . F - wpe rst * ee. Pop tet 0g ™ Bet 
? oe “o* ia at ” a ba é 4 ” x 4 ns oe wots S onter a me Sete wey = renne ek 
* ei ~ 4 e } ‘ -~n ad a pu, eaters a Se pe on ate 
q ; es nw - 2» tyiyn anatase =v meets Pema ° +e" 
> aan ot aw « memges® nip ince fete eS OTe ap a. Spe 
: a ™: ¥ Pt nd ae? hp OF SP ane ag we. Bee pee 8 eS 
; = ; rE <, oepsete Of a ae . sot We 
yo = ~* pi ™s bs fins eye eee, eT = ay tene es =* 
ey - CY wu - ” wn Coa? o> o> Ww ~ wees oo we 
‘ pad - ~ ae ep Stet aen ane poe Be eA TO" ANTES ~~ =v 8 
= e ad ap tete ame ~~ eet oem 7 ote 
hs - © 3 ——— erne pee tang 60% a = * 
- want owe = we us eee »." 
= - yw * rae wor ege™ a pa LT de] Penis hh 
wel ~ = + - me % 
= a hd Ne 


STGRADUATE SCHOOL 
MONTEREY, CALIFORNIA 93943-80028 


“or 














NAVAL POSTGRADUATE SCHOOL 


Monterey, California 





THESIS 


AN ANALYTICAL 
HIGH VALUE TARGET ACQUISITION MODEL 


by 


Kevin J. Becker 


March 1986 


Thesis Advisor: W.P. Hughes 


Co=aGaVvisor : D.P. Gaver 





Peprovecetor public release: distribution is unlimited. 


7226034 


A 








aty CLASSIFICATION OF THE PAGE 
REPORT DOCUMENTATION PAGE 


YEPORT SECURITY CLASSIFICATION 1b. RESTRICTIVE MARKINGS 
ay ale 
SCORITY CLASSIFICATION AUTHORITY 3 DISTRIBUTION/ AVAILABILITY OF REPORT 


Approved for public release; distribution 
is unlimited. 


JECLASSIFICATION / DOWNGRADING SCHEOULE 


-RFORMING ORGANIZATION REPORT NUMBER(S) 5. MONITORING ORGANIZATION REPORT NUMBER(S) 





WAME OF PERFORMING ORGANIZATION 6b OFFICE SYMBOL | 7a. NAME OF MONITORING ORGANIZATION 
(if applicable) 
Naval Postgraduate School Cede, 55 Naval Postgraduate School 
\DDRESS (City, State, and ZIP Code) 7b. ADDRESS (City, State, and ZIP Code) 
Monterey, California 93943-5000 Monterey, California 93943-5000 


8b. OFFICE SYMBOL 9. PROCUREMENT INSTRUMENT IDENTIFICATION NUMBER 


(if applicable) 


VAME OF FUNDING /SPONSORING 
RGANIZATION 










\DORESS (City, State, and ZIP Code) 10 SOURCE OF FUNDING NUMBERS 


PROGRAM PROJECT TASK WORK UNIT 
ELEMENT NO. NO NO ACCESSION NO. 
ITLE (Include Security Classification) 


AN ANALYTICAL HIGH VALUE TARGET ACQUISITION MODEL 





ERSONAL AUTHOR(S) 
Becker, Kevin J. 


TYPE OF REPORT 13b. TIME COVERED 14 DATE OF REPORT (Year, Month, Day) [15 PAGE COUNT 
Hester's Thesis FROM TO 1986 March 4S 


UPPLEMENTARY NOTATION 7 





18. SUBJECT TERMS (Continue on reverse if necessary and identify by block number) 
Anti-ship cruise missile, over-the-horizon targeting, 
high value target acquisition. 


COSATI CODES 


FIELD SUB-GROUP 






BSTRACT (Continue on reverse if necessary and identify by block number) 

| analytical High Value Target (HVT) acquisition model is developed for a generic anti- 

ip cruise missile system. The target set is represented as a single HVT within a field 

‘escorts. The HVT's location is described by a bivariate normal probability distribution} 

e escorts are represented by a spatially homogeneous Poisson random field surrounding the] 

T. Model output consists of the probability that at least one missile of a salvo ac- 

ares the HVT, conditioned on the number of missiles in the salvo which penetrate the HVT 

ea defense. In addition, the fall of multiple penetrators is modeled using a conditional] 

Utinomial probability aoe hucion The model's equations are used to solve for an op- 

mal missile seeker range gate, given a probability distribution describing the location 
the HVT within the targeted formation at the time the missile commences its search. 

cluded in an appendix is a time-dependent model describing HVT location which provides 

rw HVT movement during missile time of flight up to the moment of active search. 


ISTRIBUTION / AVAILABILITY OF ABSTRACT 21. ABSTRACT SECURITY CLASSIFICATION 
JUNCLASSIFIED/UNLIMITED [1] same as RPT. —- Coc _ users 
NAME OF RESPONSIBLE INDIVIDUAL 22b ee asitae Area Code) | 22¢. OFFICE SYMBOL | 


‘ORM 1473, 84 MAR 83 APR edition may be used until exhausted. SECURITY CLASSIFICATION OF THIS PAGE 
All other editions are obsolete 


il 


Approved for public release; distribution Ts UMiimieee 


An Analytical High Value Target Acquisition Model 


by 


Kevin J. Becker 
Lieutenant, United States Navy 
B.S., United States Naval Academy, 1979 


submitted ian partial fulfillment of tne 
requirements for the degree of 


MASTER OF SCIENCE IN OPERATIONS RESEAREH 


from the 


NAVAL POSTGRADUATE SCHOOL - 
March 1986 


ABSTRACT 


An analytical High Value Target (HVT) acquisition model is 
developed for a generic anti-ship cruise missile system. 
The target set is represented as a single HVT within a field 
of escorts. The HVT's location is described by a bivariate 
mermal probability distribution. The escorts are repre- 
sented by a spatially homogeneous Poisson random field 
surrounding the HVT. Model output consists of the prob- 
ability that at least one missile of a salvo acquires the 
HVT, conditioned on the number of missiles in the salvo 
which penetrate the HVT area defense. In addition, the fall 
of multiple penetrators is modeled using a conditional 
multinomial probability distribution. The model's equations 
are used to solve for an optimal missile seeker range gate, 
oeevel a probability distribution describing the location of 
the HVT within the targeted formation at the time the 
missile commences its search. Included in an appendix is a 
time-dependent model describing HVT location which provides 
for HVI movement during missile time of flight up’ to the 


moment of active search. 
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I. INTRODUCTIO 


With. the advent of modern, sophisticated anti-ship 
cruise missiles (ASCM), opposing naval battle forces have an 
over-the-horizon (OTH) strike potential which, when actual- 
ized by appropriate tactics, will herald a new era in naval 
combat. As an opening remark the above may sound dated, for 
the cruise missile has arrived and the technology is aboard 
many combat fleets of the world. Nevertheless, the implica- 
tion of next-generation microelectronics and artificial 
intelligence aboard the ASCM of tomorrow presents’ the 
forward-looking military operations research analyst with 
promising opportunities foie tactical improvement. 
Revolutionary advances in ASCM technologies will provide 
future systems with multi-target discrimination ability, 
BecauecGead soft-<kill susceptibility, and other significant 
improvements. Hence, tactical options should be evaluated 
well in advance of a new missile's arrival in the Fleet. 

In an attempt to destroy an opposing, -escorted high 
value target (HVT), the decision-maker possessing an ASCM 
OTH capability must choose when to strike, using appropriate 
force (e.g., total salvo size), a decision surely influenced 
by targeting accuracy, intelligence regarding opposing force 
Pemoosition, and first-strike criticality. Quantitative 
answers to the above decision problem are by nature probabi- 
listic ones. The decision-maker can be assisted by an asso- 
Clated estimate of HVT kill probability from a model. 

The multi-target scenario has been modeled quite exten- 
Sively using elaborate Monte-Carlo computer simulation tech- 
niques which, even after considerable programming input 
effort and program execution time, yield estimates that 
often neglect the essential vagaries of the war-at-sea envi- 


ronment. Simulation has contributed much insight to the 


decision problem at hand, but is generally inappropriate as 
a tactical decision-aid because of its inflexibility. The 
so-called Bernoulli Trials model 1S a much simpler, purely 
analytical probability model which has been employed asa 
tactical decision—-aia, |Refr.ii- 

In the Bernoulli Trials model, HVT defense is essen- 
tially limited by the number of available fire-control chan- 
nels, each of which is awarded a deterministic oF 
probabilistic number of ASCM kills. Targeting information 
is assumed to be accurate and all ASCM that penetrate the 
HVT area defense have equal probability of acquiring any of 
the multiple targets present. In an extension to the model, 
HVT acquisition by the ASCMs is biased upward, thereby 
endowing the missiles with multi-target discrimination 
abdld Gy. The model's equations are solved iteratively for 
an estimate of salvo size needed to inflict a firepower-kill 
on the escorted HVT with a specified probability of success. 
The driving parameters are the number of escorts, the effec- 
tiveness of HVT defense, and the required number of hits on 
the HVT to achieve a firepower-kill. 

The Bernoulli Trials model and its simulation counter- 
parts make simplistic assumptions regarding ASCM target 
ACQUIS MELON. An accurate target acquisition model is an 
essential part of any model that attempts to provide the 
strike planner with a cost-effective estimate of requisite 
salvo size, where "cost" refers to the number of ASCMs 
employed. (While it is true that the prudent tactician may 
wish to launch "extra" missiles as a hedge, it is also 
likely that missiles will be in short supply; hence, he 
needs to know what basic number he is supplementing with 
"extras". ) This paper offers a new, purely analytical HVT 
acquisition probability model designed to enhance existing 
multi-target ASCM OTH models. It retains much of the 


Simplicity of the Bernoulli Trials model, but: 


e Reflects statistical fluctuations in targeting accuracy 
in a better way. 


¢ Incorporates the attacker's missile search area and 
guides his range gating decisions. 





A. DESCRIPTION 


1. Overview and General Assumptions 
The ANALYTICAL HVT ACQUISITION MODEL estimates the 
probability that at least one penetrator (an JAS¢eii cae 


Survives the HVT area defense) acquires a single HVT within 


an escort field of low value targets (LVT). Additionally 
the expected number of penetrators that acquire the HVT and 
her escorts (ie., the fall of shot) is estimated. The 
model's outputs serve as reasonable Measures Og 


Effectiveness of the decision-maker's choices under uncer- 
Eadie: namely, given the current tactical picture and 
opportunity to strike at the enemy, how many missiles should 
he employ and how are they best programmed to achieve a 
desired probability of HVT acquisition? 

The choices of launch bearing and ASCM search 
programming are influenced by the accuracy and time late of 
the targeting information and the missile time of flight to 
the target area. Where and when opportunities exist, anal- 
ysis of the offense's information state concerning the 
targeted formation may be profitable even when information 
is scarce and uncertain. The model assumes’ the following 
information is available to the strike planner: 

* A bivariate normal probability density eee or 


other: ah A chee probability density) scribing he 
location of the HVT within an array of escorts. 


* An estimate of LVT density about the HVT. 


e An appropriate set of missile seeker sensor Sweep 
Widths: 


* An estimate of target acquisition probability, given 
target detection. 


10 


* A simplified estimate of ASCM Sen during the 
search, detection, and acquisition phases of the attack. 


* A velocity-time random vector of HVT/escort field motion 
jfomcional). 

The missile firing strategy used in the model is 
that of near-Simultaneous firings (a short firing interval 
with respect to appreciable target movement) on a common 
PiMcimecatimg Calculated @tomintercept the mean’ of the HVT 
location density. If the model user has a postulated motion 
vector of the enemy formation, the HVT density can be 
updated to incorporate the time delay from the generation of 
the previous targeting ellipse to the time of arrival of the 
salvo at the search area, in which case the salvo launch 
bearing should be calculated to intercept the mean of the 
updated HVT density at the time of missile search. 
Adjusting the HVT density and launch bearing becomes neces- 
Sary when missile time of flight and enemy motion result in 
Significant displacement of the enemy formation from its 
location at the time of launch. 

Ze Modeling the ASCM System 

A generic ASCM system is modeled. Missile fimteght. 1s 
straight down the launch bearing through the programmed 
search area. The assumption of zero missile navigation 
error 1S made since incorporation of the relatively small 
errors associated with a highly accurate system is not apt 
to heavily influence model results. (Deference is made 
however, to the exacting navigational accuracy required in 
especially long range firings. } The missile seeker sensing 
device is essentially off (ie., receives no information), 
prior to ASCM arrival at the search area. An important 
assumption concerning the offensive firing is the notion of 
conditional independence between shots; each missile within 
a salvo is given the same launch bearing and search program, 
but retains functional independence (autonomy) with regard 


to target acquisition. 


Jal 


The effective ocean area searched out by the ASCM is 
a function of operator input (range gate) and the missile 
seeker sensor Sweep Width(s) given by a Definite Range Law 
of Detection. The resulting area is a rectangle (or set of 
rectangles when multiple Sweep Widths are defined). In the 
existing detection environment, individual targets may be 


grouped by various homogeneous characteristics (e.g., size, 


active or passive signatures, shape, motion, etc. ). For the 
purpose of detection, Similar targets are subject to a 
common sensor Sweep Width. The model may be used in the 


Situation where the HVT possesses a detectable feature that 
distinguishes it from the LVT class. For example, a 
sensor's Sweep Width for an aircraft-carrier may be wider 
than its Sweep Width for a destroyer-escort because of the 
carrier's relatively large size. 

A target is detected if it lies within its associ- 
ated rectangle of effective search and is "swept" by the 
missile seeker sensor (ie., is in the sensor's field of view 
and within half a Sweep Width of the search axis). The 
model assumes the flightpath and the search axis of each 
missile are the same. The model's generic ASCM accomplishes 
its search in amatter of seconds, making search analogous 
to taking a snapshot photograph (an aggregated detection 
process). Consequently, target motion is treated as negli- 
gible throughout successive searches by individual ASCM; a 
reasonable assumption if the interarrival times between 
missiles within the salvo are small. The assumption is made 
that each of the reliable ASCM in the salvo detect the same 
set of targets. This is because of their identical search 
programming, the Definite Range Law of Detection, and a 
Snort faring amtery al. 

Once a target or number of targets have been 
detected, the missile enters an acquisition phase in which a 


decision to acquire a particular target is made. The model 


eZ 


MeeCeuates meamcOndittlonal probability of acquisition, an 
input, with each target (HVT and one or more LVTs) detected 
by the ASCM. Implicit in the detection and acquisition 
modeling is the assumption that, for purposes of acquisi- 
tion, detected targets are processed independently and in 
sequence from near to far within the missile seeker sensor's 
range gate. Therefore, acquisition of a particular target 
is influenced by two factors following detection: (a) its 
relative position within the range gate, and (b) its associ- 
merve conditional probability of acquisition. An ASCM 
detection/acquisition system with a multi-target discrimina- 
tion ability has a higher probability of acquiring the HVT 
than that of acquiring a LVT nearby. The model represents 
Bos AQiScrimination by incorporating multiple Sweep Widths 
and conditional acquisition probabilities associated with 
the ASCM system and target set. In practice, Sweep Widths 
and conditional acquisition probabilities may be difficult 
to estimate. Possible sources are ASCM system simulations, 
observational test firings, and expert opinion. 

One final assumption is made concerning the nature 
of the offensive firing. Destruction of defensive firepower 


1s the initial result of missile hits on the HVT and her 


escorts. Target sinkings occur long after the ASCM salvo 
has run its course. Hence, although hits on secondary 
targets degrade defensive firepower, total target elimina- 


tion is not likely to occur during the search and detection/ 
acquisition phase of the ASCM attack (ie., an HVT or LVT 
that is present for detection by the first missile in the 
Salvo will be present for the last missile to detect). 
3. Modeling the Target Formation 

The target formation is modeled as a single HVT 
within a bounded, spatially homogeneous Poisson random field 
of escorts. The Poisson field completely characterizes the 


number of LVT in the field (a Poisson random variable given 


ALS 


by the field density parameter) and the placement of LVT 
within the field (uniformly randomly distributed conditioned 
on the number). It may seem that the Poisson field is 
better suited for modeling a scattering of merchant shipping 
in a sea lane, rather than a geometrically rigid Anti-air 
Warfare (AAW) screen. In reality, screens are not rigid: 
escort ships are randomly patrolling sectors, exchanging 
stations, detaching to form Anti-Submarine Warfare (ASW) 
groups, etc., making for a dynamic structure in cGontraem 
with the mental image of a rigidly symmetric AAW screen. A 
desirable feature of the Poisson field is the notion that 
the number of LVT in the field is a random variable. This 
is likely to be true if the strike planner's intelligence 
estimate of enemy force composition 1S uncertain | ae 
targeting of secondary LVT is unavailable. The average 
number of escorts accompanying the HVT and_the area otmere 
Poisson field can be estimated with the aid of intelligence 
reports, electronic support measures, and subjective prob- 
ability encoding, thereby furnishing a reasonably good esti- 
mate of the field density parameter. For example, a field 
of 8 escorts uniformly distributed within a circle of Pacuee 
12 nautical miles about the HVT has a density of 0.0177 LVT 
per square nautical mile. As Will be seen, such a figure 
can be utilized to select a nearly optimum range gate 


setting. 


B. ANALYTICAL DEVELOPMENT 
1. Geometry 
A few assumptions concerning the orientation of the 
Poisson field of escorts and the effective search area of 
the missiles are required in order to obtain analytical 


results: 
¢ The HVT is centrally located within the escort field. 


¢ The escort field area is large compared to the “"AS@H 
search area (ie., the search area is wholly contained in 
the field). 
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The model's analytics reference a standard 
xy-coordinate system oriented so that the y-axis lies on the 
missile flight path. The origin represents both the esti- 
mated mean of the HVT density in residence above the 
xXy-plane and the center of the Poisson field of escorts. 
The effective search area of the missiles is dimensioned by 
range gate (measured along the y-axis) and Sweep Width 
(measured along the x-axis). It 1S important to remember 
that the effective search area can be a group of rectangles 
with different Sweep Widths for different target classes 
when a distinction is made, in which case each rectangle of 
effective search has a common y-dimension (range gate) and a 
unique x-dimension (Sweep Width). Figure 2.1 1s a sketch of 
model geometry. 

2. Single Shot Penetrator 

For illustrative simplicity, the HVT true location 
density at the time of missile search is assumed to be 
eereular normal. Appendix A contains a time-dependent 
general bivariate normal HVT location density as an alterna- 
tive. ; 

Let the random variable Y represent the y-coordinate 
@eethe HVT s true location, measured from its estimated 
location (ie., the origin). In the language of Bayesian 
Seatistics, the distribution of Y is the posterior distribu- 
tion of the HVT's true y-coordinate, given a point estimate 
of its y-coordinate of y = 0. invenc tollowing discussion, 
y refers to a possible value for the random variable  ¥Y. 
(The same interpretation holds for the random variable X, 
the HVT's true x-coordinate. ) 

The single shot calculation requires the following 


input constants and probabilities: 


A = LVT escort field density. 
NM = Sweep Width governing LVT. 
Wy = Sweep Width governing HVT. 


i> 


iy 
HVT Location Density Contour 


Poisson 
Field 


BES 


Effective Search Area 


Flgure sea. MODEL GEOMETRY. 


IS 


d, = Near edge of range gate (y coordinate). 


(eset aigseage Orerange Gate (y coordinate). 
r = Missile reliability. 
a = Conditional probability of acquiring a 


LVT given LVT is detected. 
Par— COUCa blONna ep rOsabl lity of acquiring the 
HVT given HVT is detected. 


Assume that the HVT is contained in the ASCM's 
effective search area. Since detected targets are processed 
from near to far within the missile seeker sensor's range 
gate, HVT acquisition requires that no LVT has been acquired: 
(ie., selected and homed-on) in the region W (y-d)). By 
virtue of the Poisson field assumption this is equivalent to 
SGxperiencing a free path of area W) Cy-d)) ina inaéeé two~ 
dimensional filtered Poisson process of rate ae 


Define the following events: 


be HVE acquisition. 
E: Filtered escort free path to the HVT. 


The probability of HVT acquisition is expressed as 


do W,/2 
men) = f f oe B@ry a en (x ny ade. (Oe. Ap) 
apes ie 2 
where 
Shee ata) 2G - 
mex,y) =e le os C22) 





2n02 


is the probability density function describir~ the location 
@rethe HVT, and 


ay Sy? 
i@a|Y=y) = ¢ ; (2a) 


is the conditional probability of event E, given the true 


Pange coordinate of the HVT. In terms of these components, 


ey 


el 2 ~~ 2a 2 
d> Wf 2 NU eae d,) Ces) 2 





PCD) <=" PPL 8 e dxdye 
dy -W,/2 a 
AW Po dy 
So ae {o(W,/2a) - o(-W, /20)} 
do -AW Py -y*/2o04 
Le 
x f e e dy 
= /270 


The integral 1s evaluated by completing the square in the 


exponent and adjusting the limits of integration. 


2. 
letic = ower, 2 4 LOSoo ea eee 
| aes Oo fe} 
Kd, +8( Ka) 4 
Cb) ral. Ao {o(dgtka*) - 6(d,+e02) 1; 
Oo Oo 
Kd, +45( Ka)? - 
= io a Ag 40.7 (27.3 
where 
ie 
NO aes Be FCB ced 
a 


is the integral of the standard normal probability density 


function evaluated at the upper and lower limits shown. 


1s: 


3. Multiple Penetrators 

The probability that at least one of m penetrating 
missiles acquires the HVT is computed by conditioning on the 
number of LVT in W, Cy-dj) of the effective search area. The 
solution is reached by integrating the HVT density over the 
effective search area, after first removing the condition on 
the number of LVT "in the way”. 

Let N, a random variable, be the number of missiles 
that acquire the HVT. The conditional probability that at 


least one of m missiles acquires the HVT is: 
aL eel 
BoieO|b-1, Y=y) = 1 - (1 - rP (i-P,)) C285) 


where L is the number of LVT in I stele 


The condition on LVT is removed using the knowledge that the 
assumed distribution of LVT escorts is Poisson with spatial 
density parameter id. Expansion of the binomial term and 
rearrangement shows that 
ee gee jc eC) 

a h Q 

1=0 


P(N>0{Y=y) 


“AW, Cy-dy) 


a 
— Gedy) 5 


ain 


9 m m 
= 1 > ey y (3 (-1)* (pp, (1-P,)*)% 
ek = 0 


~AW Cy-dy) 


a 
xe CAW, Cy-dy)) 3 


jee 





Wy, 


it 
}4 

| 
at 


m m -~AW, Cy-dj) 
| (-rP, )* e : 
0 


k= 


‘ | ? 
¥ 5 CCl= > yXy2 CAW  Cy-dy)) 
0 : it 

AW. yoda Cane 
= 2 y - Ga oe ae Q 


(i) (-rP,)* e 


tI 
= 
I 


(2) 


Finally, to remove the condition on the location of the Hya 
equation (2.6) is multiplied by the HVT location density and 
integrated using the same technique employed for the single 


Shot Calculation. 


Let 8(k) = aW,(1 - (1-P,)*)5 


POS) 2-1 asc 7 = kK e 


dy W,_/2 m m ~6(k) Cy-d,) 
oh (7 (-rP,)* : 
dj -W/2 k=0 


~(x2+y2)/204 





~~ eS dxdy 3 
Ina- 
m (7 k 6(k)d, 
- 1 - Ad >: k Sale e 
* k=0 

do -é(k)y -y?/20° 
x f S eS ay, 3 

dy /2n0 
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m we ‘ M@ocGet «no Gkw io) 
= 1 - Ao y k Soealar | e Ag > 
* k=0 
m (") , Sk)d, tC 6(k)o ye | 
= oO y k (-rP, ) e A : 
eam 
Cone) 
where 
Ad ' = o(dotd(k)o*%) - Ody 0 Ck ko ie 
oy oO 8) 


Expressions (2.4) and (2.7) allow the analyst to determine 
an optimal near edge of range gate setting, d,;, ie. one that 
maximizes HVT acquisition probability, given the various 
operational parameters of the ASCM. 
4. The Fall of Multiple Penetrators : 
More information can be obtained from the condi- 


meena! Gistribution of the fall (distribution) of multiple 


penetrators, given that the HVT is contained in the 
missile's effective search area. Fall of shot terminology 
(e.g., dispersion) is normally associated with the firing 


assessment of ballistic projectiles, but can be adopted for 
Peelieif one can estimate the probability of "absorption" of 
an ASCM into each target class. Simply stated, a missile 


which penetrates the HVT area-defense will either have the 


HVT in its projected search area or not. ie Ot emmdbie des. © 
longer a threat to the HVT, though there is a probability, 
usually small, that it will home on an escort. For the 


missiles that are a threat to the HVT, it is possible to 
estimate how they are distributed between HVT, escorts, and 


misses. 


Za 


The acquisition decision of a single, Conditionals 
independent penetrator is likened to a single trial ofa 
multinomial experiment which, given the HVT is in the effec- 


tive search area, has as its possible outcomes: 


ASCM acquires a LVT on the near-side of the HVT. 
ASCM acquires the HVT. 

ASCM acquires a LVT on the far-side of the HVT. 
ASCM fails to acquire a target. 


See is 


The probability formulas of the above events are 
bade lly stated with the eE0ndi cron of the HVT's 
y-coordinate in the effective search area. 


Let Ad = dg = d,, and condition on Y=y; then 


-K (y-d,) 
Pi Oalces,)) = iy Gieraace ae (285) 
-K(Cy-d,) 
PGB wey = rPy e ; ( 2e8 
-«(y-dj,) -K(dy5-y) 
PCG =) <= Cia enc \(l - e Be (2.09 
-KAd 
PCDI ey) = Cle a al Se C22 ae 


Derivations of the mean, variance, and covariance of the 
multinomial distribution's binomially distributed margiied 
distributions are given in many basic probability texts. 
Removing the condition of the y-coordinate of the HVT within 
the effective search area and normalizing with respect to y 
produces the following marginal expectations of the condi- 
tional multinomial events (ie., the expected number of 
missiles absorbed by each target class, given the HVT is in 


the effective search area). 


Pag 


Let M. be the random number of penetrators that are 


Nabsorbed" into cell i, where Ma + Mp o Mo - My =m. The ex- 


pected value of M,; is mp,, where 





do -Kk(y-d,) -y*/204 
one PCA) = Yr - ee f re e aia 
a v27O0 
aly Seal Tow) = 
errtlL =.¢6 JAG '/AD 3 CZs) 
y ue 
do -K(y-d,) -y*/20? 
beee= PCB) = (1/Ao ) f YP, e e ayn 
B 4 h Ns 
1 V2TO0 
Kd, +( Ko)? 
=P e iO Ones Cress) 
A y y 
d> -K(y-d,) -KAd 
me = PCC) = (1/Ao_) f r(1-P, )Ce -e ) 
C 4 h 
l 
-y*/20° 
oats dy j, : 
V27O0 
. melanie -KAd 
= a Oe E> Ad '/Adb -e Ne Ce) 
h y y 
do -KAd 
> Per = (Clr) + CIN : [rca-P, e 
] 
-y*/202 
x € dy |, 
/216 
-KAd 
= OS2e-: ors e ; (215) 
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The general procedure for computing a marginal variance is 
shown below, followed by the equation of the variance of 
event B; the number of HVT acquisitions, given the HVT lies 


within the effective search area. In general, 


Var(Y) = E{ Var(Y|X) } + Vaart BQ ouee 
Therefore, 


Var(M, ) = E{mp, (1 - p.Cy))} + Var{mp.Cy)}, 
z 
= E{mp, (1 - p.Cy))} + nm? [E(p3(y)) - ceinp 94} 
2 
=m(m = L)E{ps(y)} + mE{p;(y)} - m*(E{p,Cy)}) : 
p 
= m(m - L)E{ps(y)} + mp, - (mp,) . (2 ole» 


Equations (2.8) through (2.9) can be substituted into equasamem 
CZ2G he) Guns place or p; Cy) and the corresponding expressions 
(2212) through? (2215) (substituted 7 plaeomem Ps The expect- 


at Longor psy) remains to be calculated and can be accomplished 


using 
do do 
E{g(p. Cy))} = f g(p.Cy)) o(y) dy f ¢ Gia 
dy dy; 


the expectation of a function of p. Cy), given the HVT is in 
the missile's effective search area (hence the normalization 
quotient). 

Calculation of the variance of Mp» the number of 
ASCM that acquire the HVT, given the HVT is contained in the 


missile's effective search area is as follows; 
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do -2«(y-d,) 
Teh ee meme 1)¢1/Ao ) £ eae e 
B y 4 
EE 
-y?/20% > 
x e dy + MPp - (mp p) : 
/2n0 
(ed, +(kc)=) 
= - 2p_2 Ad ''/AO 
= m(m 1g Py e . : 
‘ (Zee) 
+ MPp - (mp, ) P : 
where 
Ad '' = 6(dot2x0%) - (d,+2x0%). 
y fe) 6) 


It is important that the effect of the range gate 
decision variable on HVT acquisition probability can be 
explored using the model's analytical equations. An illus- 


trative numerical example is presented in the next chapter. 
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III. OPTIMAL RANGE GATING 





The near edge of the missile seeker sensor's range gate, 
d,, is an influential decision varias As the range gate 
increases in length, more targets are likely to be detected 
and processed for acquisition, making the ASCM's task of 
selecting the HVT more difficult. As the range gate 
narrows, the probability of capturing the HVT in the etfecs= 
tive search area (ie., detecting the HVT) decreases. If the 
far edge of the range gate, d, , has been chosen suc acum 
the subsequent choice of d, brackets the mean of the ii 
targeting density along the missile flight path, equation 
(2.7) can be used to solve for a value of d, that maxinuzes 
the probability that at least one penetrating missile 
acquires the HVT, given m penetrators are realized. If an 
estimated distribution of the number of penetrators were 
available, the law of total probability could be used to 
obtain an unconditionally optimal or "weighted" value of d, 
based on the conditionally optimal values of d, obtaamied 
from graphing equation (2.7) for m  penetratens, m = 
1,2,...,8, Where s is the total salvo size. Or, in the 
Situation where only an expected number of penetrators is 
available, equation (2.7) can be graphed once for the 
optimal value of d, based on the expected value of m. The 
numerical example that follows illustrates how the optimal 
ChOlGce Of d, is affected by ASCM multi-target discrimination 
ability, the number of penetrators, and HVT targeting accu- 
racy. 

The example uses the following hypothetical input param- 


eter values: 


¢ -= S20 oNm 
i = 0.0177) LVI /NmZ 
Wy = 6 Nm 


Jal 


W, = 6 Nm 


e 
PL = 0.97 
0. 4 
r= 0.99 


do = +5.0 Nm 


Figure 3.1 is a plot of a single shot penetrator's HVT 
acquisition probability versus dj, where zero on the hori- 
zontal axis is the expected location of the HVT along the 
flight path. The range gate [d,,d).] = [=-5.1,+5.0] maximizes 
the single shot probability of HVT acquisition. Figure 3.2 
contrasts the curve of Figure 3.1 (curve A) with a curve 
generated from identical input parameter values excepting 


conditional acquisition probabilities, which have been set 


eeu co O.9/7 (curve B). The relatively gradual ramp of 
curve A is representative of a "more forgiving" missile 
(ie., one that has a better multi-target discrimination 
aime ty). 


Figure 3.3 demonstrates the increase in HVT acquisition 
probability from firing a salvo and realizing four penetra- 
tors versus firing a single shot with the hope of realizing 
one. While it is difficult to spot a noticeable difference 
an) d, associated with the maxima of each curve, the actual 
difference is about 1.7 nautical mile, with the four pene- 
trators having the "longer" optimal range gate. The result 
is a consequence of maximizing the probability that at least 
one missile acquires the HVT. The marginal "single shot" 
probability of HVT acquisition of each missile is effec- 
tively reduced while the chance at least one acquires the 
HVT is increased. This phenomenon becomes more apparent in 
Figure 3.4, ten penetrators versus a single shot penetrator. 

Figure 3.5 is a plot of number of penetrators versus HVT 
acquisition probability where the conditionally optimal 


range gate has been used at each increment of the indepen- 


fi. ji 


dent variable. The marginal return of the first few pene- 
trators 1S stelkine. Figures 3.7 and 3.8 demonstrate the 
marked effect that an increasing HVT location error sigma 
has on HVT acquisition probability in both the single shot 
penetrator and salvo/multiple penetrator cases. As sigma 
increases, it becomes apparent that the simple firing 
strategy may very well be out-performed by a strategy that 
involves firing a spread of missile salvos (assets permit- 
ting), an interesting hypothesis for future research. 

Table I summarizes conditional fall of shot expectation 
and standard deviation for a single shot penetrator and 
various numbers of multiple penetrators over selected values 
of sigma. Again, the fall of shot for events A, B, C, and D 
is conditioned on the HVT's containment and location within 
the missile'’s effective search area. As sigma increases, 
the optimal range gate opens, the probability of containing 
the HVT in the effective search area decreases, and, in the 
case of salvo/multiple penetrators, the conditional fall of 
shot expectation becomes more evenly distributed between the 
HVT and the LVT on the near - side. It should be noted that 
the total expected threat to the escorts cannot be deter- 
mined by simply adding the expectation of events A and C, 
because there is a chance that some escorts may lie in the 


missile's effective search area though the HVT does not. 
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TABLE I 
CONDITIONAL FALL OF SHOT 


SINGLE SHOT PENETRATOR 


Expectation (Std. dev.) of events: 
oO (d, ,d> ) PCHY L)& A B e D 
eS =3.0,75,..0 O.9372 Ov rig 0.844 0.004 0. Ocal 
(OSt6zZs) 
Sn) =a 71> 0 Orel O07 lse Of 7 0.004 0. 029 
(0. 415) 
9.0 =I 2 elyitoo 0 o> 62 O25 15 0.654 Oz0@>s 0.024 
(0. 475) 
FOUR PENETRATORS 
Expectation (Std. dev.) of events: 
oO (da, ,d, ) P( HVT) * A B c D 
5 -4.0,+5.0 0.950 0.614 3.24 8) (SIL) QO. LZal 
CO. Solr) 
S10 =6..0 740, 0 O. 642 0. 947 Ze92 Ov ome O- iia 
(1.000) 
9.0 -16.0,+5.0 Calis ico VAS al U2 022 ©. O88 
(dk310) 
TEN PENETRATORS 
Expectation (Std. dev.) of events: 
oO (d,,d,) PCHVE )= A B e D 
Dee: =4..6,75.0 o.. 955 1S 7.84 0. 046 O. 295 
(1235) 
Te — B37 7000) 0. 648 Pee Al 6o0 0. 043 O.2263 
(1.89) 
Se, =19¢1 745.40 OFS 4,54 5 Aes, OOS 3 O. 206 
(2266) 
* P( HVT) = "The prob. of HVT containment in the search area". 
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IV. SUMMARY 


The number of ASCM area defense penetrators necessary to 


achieve a required minimum number of HVT acquisitions is a 


random variable. Tables or nomographs containing number of 
penetrators, optimal range gate, expected number of HVT 
acquisitions, and standard deviation of HVT acquisitions 


versus escort field density could be generated for a set of 
different posterior distributions describing HVI location 
over a range of Poisson field densities. It would be neces-= 
sary to accompany these "conditional" estimates with a prob- 
ability statement of HVT containment in the effective search 
area. The model in its present form serves best as an 
example of how a probability model incorporating a rela- 
tively simple analytic form can be used for OTH strike plan- 
pliliokem Complex firing situations and target coverage 
problems involving multiple launches from a consortium of 
strike groups could be addressed by expanding the simple 
analytical framework of the model. The equations of a well- 
tailored (and well-validated) follow-on model could be 
contained in an interactive computer program which accepts 
periodic targeting updates and in turn furnishes the strike 
planner with new estimates of salvo size and optimal range 
gating to achieve a desired probability of HVT acquisition 


based on the number of area defense penetrators. 
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APPEND A 
UPDATING THE HVT LOCATION Bilis 


The time delay measured from the generation of the HVT 
location density to the time the missile commences its 
search will often allow considerable movement of the enemy 
formation. A postulated bivariate normal target velocity- 
time vector can be used to revise the "old" HVT density. 
The approach does not win "something for nothing" since an 
assumption concerning enemy intentions is required. 
Constant target motion is a reasonable assumption i1f (a) the 
enemy has not been alerted by the opposition's tracking/ 
targeting methods and (b) timely early-warning of the 
impending strike is unlikely. A Brownian motion or fleeing 
datum assumption would be more appropriate in the alerted 
enemy situation. Dispersion of the enemy formation is also 
a possibility in the event of a probable nuclear exchange. 
The constant motion model developed below may prove valid 
when offensive targeting is reasonably passive and CcOoverEe 

Let OX, the HVT's vector of movement to its future posi- 
tion measured from the mean of the "old" HVT location 
density, be the resultant of the sum of two independent 
bivariate normal vectors: a position error, »Orae and a 
velocity-time vector X'X, (see Figure A.1). 

The distribution of OX" is given by the HV? denscre 


2 2 
OX' ~BVN(ny > Uys Sys Sys Oy) 
while X*x ts distri butedlas follows 


X'X ~BVN(U yt, uyts oft’, Segte Pry? 
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Figure A.1l THE SUM OF TWO INDEPENDENT RANDOM VECTORS. 
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The distribution of OX is gleaned from its moment gener- 
ating function formed by the product of the "indicia 
moment generating functions of OX' and X'X. The moment 
generating function of the bivariate normal distribution is: 


my, y 681982) = exp{Sjuy * Soty * s(sTos + 298)S820y0y 
P) 


2 


+ s505)}. 


Therefore, 


Moy: (S182) = exp{Sity + Soy + 4(SfoZ + 20yy81825y9y 


+ sso) }, 


M4 6S] >S2) = exp{S,upt 2 Souyt 4 s(sfoft? 
aS Zao 
+ 2eyyS1S29ytoyt SZout ae 


ana. 
Moy6S1S2) 2 Moy1 S1 582) Myr y6S1>S2)> 
= exp{s,(uy * uyt) * Soluy + uyt) 
+ 45( a oy + sete + 28182 (PyyFy Sy 


1S Paes meee : 
* Pry Iytoyt? 35 Cox, ov t ae 


BY Inspection, 


2 
OX ~BVN(uy air oe cae Dies of + o2t2, of + oft , 


a5 
PyyIy%y + Pyyeytoyt? 
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The distribution of OX can be used to adjust the launch 
bearing of the ASCM salvo and update HVT postional uncer- 
tainty to the estimated time of missile search. Model geom- 
etry becomes more complicated when a general bivariate 
normal HVT location density is incorporated instead of a 
Circular normal one since a unique orientation of the effec- 


tive missile search area results. 
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